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The transition to school is associated with a greater requirement to inhibit irrelevant or inappropriate
thought and behavior in order to concentrate on effective learning and to interact successfully with
peers. Current knowledge of inhibitory control development in the early school years is limited due
to a lack of normative data from age-appropriate, sensitive measures. In this study, three pictorial
versions of the Stroop task were administered to investigate inhibitory control development in early
school-aged children. Age-related trajectories of inhibition and effects of gender were examined in
80 children (42 boys) aged 5 to 8 years. All children were assessed with the Cognitive Assessment
System Expressive Attention subtest (Big-Small Stroop), Fruit Stroop, and Boy-Girl Stroop. The Big-
Small Stroop revealed substantial age-related improvement in inhibition from 5 to 7 years with a
levelling of performance at 8 years of age, while the Fruit Stroop and Boy-Girl Stroop demonstrated
clear but nonsignificant age trends. In particular, older children committed fewer errors and corrected
their errors more frequently than younger children. Performance on all Stroop tasks correlated sig-
nificantly, providing evidence that they tap similar cognitive abilities. Some gender differences were
found. This study indicates that inhibitory skills develop rapidly in the early school years and suggests
that error awareness may be a useful indicator of the development of cognitive inhibition for this age
group.
Keywords: Inhibition; Inhibitory control; Stroop task, Executive functions; Development.
Inhibition refers to the ability to suppress an automatic or prepotent response in order
to provide a correct or more appropriate response in a given situation, and as such
it is a necessary antecedent to maintaining concentration and performing goal-directed
The authors are grateful to Kimberly Kerns and Robert McInerney for sharing the computerized Stroop
task.
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510 J. A. MACDONALD ET AL.
behaviors (Anderson, 2002; Barkley, 1997a, 1997b; Diamond, 2013). Poor inhibitory
control in children is associated with a broad range of developmental psychopatholo-
gies including attention deficit/ hyperactivity disorder (ADHD; Barkley, 1997a, 1997b;
Rucklidge & Tannock, 2002; Shanahan, Pennington, & Willcutt, 2008), conduct disorder
(Herba, Tranah, Rubia, & Yule, 2006; Rubia et al., 2008), and various learning disabil-
ities (Dempster & Corkill, 1999; Denckla, 2007; Meltzer & Krishnan, 2007). Children
who exhibit problems with inhibition tend to be impulsive, to lack self-control, to respond
inappropriately, and to have trouble delaying gratification. They struggle to complete tasks
and tend to persist with responses they know to be incorrect or inappropriate (Anderson,
2002; Barkley, 1999; Dempster & Corkill, 1999). Such behaviors are to be expected in
very young children but those who fail to develop inhibitory control by mid-childhood
often experience learning and social difficulties (Ciairano, Visu-Petra, & Settanni, 2007;
van der Schoot, Horsley, & Sergeant, 2000; Wahlstedt, Thorell, & Bohlin, 2008; Wilcutt,
Pennington, Olson, Chhabildas, & Hulslander, 2005).
Barkley (1997b) contends that all other executive functions, including working mem-
ory and self-regulation of affect, are “hierarchically perched” (1997b, p. 68) on inhibition.
It would therefore follow that, developmentally, inhibition is a necessary precursor to the
forward-planning, self-regulating, goal-directed, higher processes that integrated execu-
tive functions engender. Given the importance of these processes for school-based learning
and behavioral development (Blair & Razza, 2007; Liew, 2012; Valiente et al., 2011), it
is important to know more about the nature of the development of inhibitory control dur-
ing the early school years. In particular, it is necessary to have measures that elucidate the
characteristics of age-related change and to have access to appropriate normative data to
inform educational and social expectations. Of specific interest in this study is cognitive
inhibition in which prepotent mental representations are suppressed as opposed to behav-
ioral inhibition in which motor responses are suppressed (Nigg, 2000). There is ongoing
interest in whether the cognitive and behavioral aspects of inhibition stem from the same
neural processes and can therefore be predicted by measures of either (Engelhardt, Nigg,
Carr, & Ferreira, 2008).
The emergence of both cognitive and behavioral inhibition is documented in infancy
and the preschool years (Balamore & Wozniak, 1984; Diamond, Kirkham, & Amso,
2002; Diamond & Taylor, 1996; Espy, Kaufmann, Glisky, & McDiarmid, 2001; Holmboe,
Fearon, Csibra, Tucker, & Johnson, 2008; Rennie, Bull, & Diamond, 2004) and general
maturation has been reported into middle childhood and adolescence (Comalli, Wapner,
& Werner, 1962; Lehto, Juujarvi, Kooistra, & Pulkkinen, 2003). However, there are few
reports that specify the typical incremental maturation of inhibitory proficiency during the
first years of school and so there is a subsequent lack of normative data available for fur-
ther research and assessment (for a notable exception, see Davidson, Amso, Anderson,
& Diamond, 2006). This is despite evidence that considerable development occurs during
this period (Romine & Reynolds, 2005). The lack of evidence may be partly related to the
limited number of measures that are age appropriate, sensitive, standardized, and specific
to inhibitory control without being confounded by other executive functions (Anderson,
1998; Anderson, Anderson, & Jacobs, 2008; Baron, 2004; Best, Miller, & Jones, 2009).
Inhibition is generally assessed by performance on cognitive or behavioral tasks that
require a conditioned response to be withheld, delayed or stopped in order to give a less
automatic response (Diamond, 2013). A number of inhibition tasks have been developed
specifically for children (Archibald & Kerns, 1999; see Carlson, 2005; Espy, 1997; Espy,
Bull, Martin, & Stroup, 2006; Gerstadt, Hong, & Diamond, 1994; Hughes, Ensor, Wilson,
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INHIBITORY CONTROL IN CHILDREN 511
& Graham, 2010; Willoughby & Blair, 2011; Wright, Waterman, Prescott, & Murdoch-
Eaton, 2003); however, there is substantial variation in the execution of these tasks. Some
require motor responses and others require verbal responses; some are unidimensional
(e.g., color) while others employ multiple dimensions (e.g., color, word, size, category).
All vary with regard to the number and the complexity of rules and stimuli. Some only
require the act of inhibition, such as withholding a response; others expect a further step in
performing the nonprepotent response.
Inherent in such heterogeneity is variation in the levels of involvement of other func-
tions, such as receptive language, cognitive shifting, and working memory (Anderson,
1998; Anderson et al., 2008). There is some longitudinal evidence that task performance
for different measures of inhibition correlate, even when measured more than 10 years
apart (Eigsti et al., 2006). This is despite marked differences in the content and nature of
the tasks; however, further investigations are warranted into the intersecting predictive val-
ues of varying task demands. Best et al. (2009), in their review of executive functions after
age 5, noted that an important, albeit ambitious, methodological challenge was to create
executive function (EF) tasks that isolated and separately assessed EF components, noting
that a number of studies provided evidence that inhibition and, in particular, working mem-
ory were independent functions (Aron, 2008; Beveridge, Jarrold, & Pettit, 2002; Simpson
& Riggs, 2005). At odds with this position is emerging evidence that, while these func-
tions might be discrete in adulthood, in children they appear to be interdependent. Using
latent factor modelling, Shing, Lindenberger, Diamond, Li, and Davidson (2010) found no
differentiation between memory maintenance and inhibitory control until 9 years of age.
With a sample of 228 three-year-olds, Wiebe et al. (2011) also reported a single latent
factor of executive functioning incorporating both working memory and inhibitory control
performance. This possible interdependence does not negate the need for tasks designed to
measure distinct aspects of functioning. Instead, assessments that minimize cross-demands
enhance opportunities to explore this developmental process, particularly during the tran-
sitional age range when discrimination between functions is thought to become apparent
(Shing et al., 2010).
Among adolescents and adults, the Color-Word Stroop task (Golden, 2002; Stroop,
1935) is arguably the most widely used measure of inhibition (Barkley, 1997b; MacLeod,
1991). The “Stroop effect” relies on the well-learnt, automatic tendency to read a word
being stronger than the tendency to name its printed color. The Golden (2002) version
of the Color-Word Stroop task has three conditions. In the first, participants name color
words (red, green, yellow, and blue) printed in black and white. In the second, participants
name the ink colors of either “XXXX” or rectangles. Response times slow considerably
in the inhibition condition where participants name the ink color of an incongruent word
(e.g., the word red printed in blue ink). The effect is one of asymmetry where the mean-
ing of the word interferes with the naming of the ink color, but the ink color has little
effect on the naming of the word. Cohen, Dunbar, and McClelland (1990) argue that when
an individual is confronted with competing stimuli, parallel processing pathways are acti-
vated. The strength of each pathway is determined both by how automatic or well learnt
the response is and its associated processing speed. In the case of words and colors, flu-
ent readers have repeatedly shown word-naming to be a faster response than color-naming
(MacLeod, 1991). However, the original Stroop task requires a level of reading proficiency
not yet acquired by many early school-aged children. Studies have shown that children just
learning to read do not experience the interference from written words but that interfer-
ence peaks around the ages of 7 and 8 years, once reading at the level of color names has
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512 J. A. MACDONALD ET AL.
become automatic (Comalli et al., 1962; MacLeod, 1991). While some normative data are
available for the original Stroop task in children younger than 8 years, fluent reading is a
prerequisite (Baron, 2004).
The benefit of a Stroop task over numerous other measures of inhibition is that it
theoretically isolates the cognitive component of inhibition (suppression of a prepotent
mental representation allowing for selection of an alternative) without drawing on behav-
ioral or motor responses, which may correspond more closely with the self-control aspect
of inhibitory control (Diamond, 2013). Other tasks measuring inhibition in children, such
as the Go/No-Go task and Luria’s Tapping task, require a motor response, which may be
preceded by an unspoken verbal response. Debate also ensues over whether complex rules
in some tasks, such as the Dimensional Change Card Sort (DCCS; Zelazo, Muller, Frye,
& Marcovitch, 2003), rely too heavily on other executive functions (Kirkham, Cruess, &
Diamond, 2003; Zelazo & Frye, 1997).
Various pictorial Stroop-like tasks have been designed for young children as alter-
natives to the Color-Word Stroop, but few comparative studies assessing their validity,
particularly with children aged between 5 and 8 years, have been reported (Archibald &
Kerns, 1999; Baron, 2004; Gerstadt et al., 1994; Prevor & Diamond, 2005; Wright et al.,
2003).
The aim of this study was to examine the maturation of inhibitory control in early
school-aged, typically developing children using three pictorial Stroop-like tasks: Big-
Small Stroop, Fruit Stroop, and Boy-Girl Stroop. The Big-Small Stroop is the Expressive
Attention subtest from the Cognitive Assessment System (CAS; Naglieri & Das, 1997)
and has norms for children aged 5:0 to 7:11 years. The Big-Small Stroop task has existing
norms and was selected as a standardized comparative measure to the stand-alone measures
of inhibitory control in which norms are lacking. The Fruit Stroop (Archibald & Kerns,
1999) is a modified version of the Fruit Distraction Task of the Cognitive Control Battery
(Santostefano, 1988). The Fruit Stroop showed promising age-related differentiation in a
study of children aged 7 to 12 years, but no normative data for younger children exist. The
Boy-Girl Stroop (Kerns & McInerney, 2007; adapted from Diamond, Kirkham, & Amso,
2002) is a computerized measure designed for preschool children but has not been tested
on school-aged children. A benefit of computer-based measures is that they offer greater
precision in response latency scores and they may also provide opportunities for remote
assessment. There is also some evidence that computerized Color-Word Stroop tasks can
be more sensitive than standard paper tests and they have a lower likelihood of distraction
from additional stimuli (Lansbergen, Kenemans, & van Engeland, 2007; Ludwig, Borella,
Tettamanti, & de Ribaupierre, 2010). Each of the three tasks require less than 10 minutes
to administer, which is favorably short for young children compared to the Animal Stroop,
reported to take up to 25 minutes to complete (Wright et al., 2003).
Given that improvements in performance on the original Color-Word Stroop have
been documented from school-age children into adulthood (Comalli et al., 1962; MacLeod,
1991; Rand, Wapner, Werner, & McFarland, 1963), it was hypothesized that inhibition, as
demonstrated by performance on pictorial Stroop tasks would improve between 5 to 8 years
of age. Studies in children and adults show no consistent differences between males and
females on measures of inhibition (Diamond et al., 2002; Jorgenson, Davis, & Opella,
1983; Jorgenson, Davis, Opella, & Angerstein, 1981). Therefore, no gender difference in
task performance was expected. It was also predicted that despite differences across the
different pictorial Stroop tasks, performance indicators would be correlated.
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INHIBITORY CONTROL IN CHILDREN 513
METHOD
Part icipants
All children in the first three grade levels at two Australian Catholic Primary Schools
were invited to participate (N = 256). Consent was given from 80 families (31.25%). There
were no exclusions as the intention was to enlist a typical sample of children attending
mainstream school from age 5 to 8 years. Mean age was 6.98 years (SD = 0.88; Range =
5.25–8.42).
Measures
Children were tested individually in a quiet room at their school during a single
45- to 60-minute session. In addition to the three pictorial Stroop-like measures, IQ was
estimated using the Matrix Reasoning and Vocabulary subtests from the age-appropriate
Wechsler scale. Children aged 5 and 6 years were administered subtests from the Wechsler
Preschool and Primary Scale of Intelligence, third edition (WPPSI III; Wechsler, 2004).
Participants aged 7 and 8 years were administered subtests from the Wechsler Intelligence
Scale for Children, fourth edition (WISC-IV; Wechsler, 2005). For descriptive purposes,
social risk was assessed using six aspects of social status: education of primary caregiver,
occupation and employment status of primary income earner, family structure, language
spoken at home, and maternal age at birth. Each domain was scored on a 3-point scale from
0–2 with a total score for each family ranging from 0–12, with higher scores representing
greater social risk (Roberts et al., 2008; Treyvaud et al., 2012).
Expressive Attent ion (“ Big-Small St roop” ; Naglieri & Das, 1997). The
Big-Small Stroop has three trials. Each trial is presented on a single page with 40 black
and white drawings of animals in six rows of six images and one row of four images.
Practice trials are administered before each test trial to ensure an understanding of the task
instructions. In Trial 1, the child is shown images of animals printed in the same size and
is required to say whether the animals are “big” (e.g., dinosaur) or “small” (e.g., bird).
In Trial 2, the same animals are printed in their relative sizes, and the child is required to
name the size the animals are printed in (big or small). In Trial 3, the inhibition condition,
the printed sizes of the animals are mixed up so that they vary between being congruent
or incongruent to the animal’s real size. The child is instructed to name the size of each
animal in “real life.” Children are requested to complete each trial as fast as possible but
have a maximum of 90 seconds. Completion time, errors, and self-corrections are recorded.
The average internal reliability is .80 and norms are available for children aged 5–7 years.
Boy-Girl St roop (Kerns & McInerney, 2007). The Boy-Girl Stroop has two
trials (baseline and inhibition) with the stimuli (cartoon drawings of either a boy or girl)
presented on a computer screen. In the baseline condition, the child is instructed to respond
as fast as possible by saying “boy” when they see a boy on the computer screen and “girl”
when they see a girl. In the inhibition condition, the child is told to say “girl” when they
see a boy and “boy” when they see a girl. The instructor uses the keyboard to record the
responses and this triggers the presentation of the next image. In each condition, 20 images
are displayed. Response time and the number correct are recorded. Uncorrected errors
are also recorded. Limited test-retest reliability data are available; however, error rate
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514 J. A. MACDONALD ET AL.
reliability has been reported as r = .29 in a young sample of 20 children, 10 of whom
were aged 3 years and the rest aged 5 years (Muller, Kerns, & Konkin, 2012).
Fruit St roop (Archibald & Kerns, 1999). The Fruit Stroop has four trials pre-
sented on single pages with six rows of seven stimuli. Practice trials are administered
before each test trial. Trial 1 measures speed of color naming. The child is instructed to
name the color of each rectangle (orange, green, yellow, red) as quickly as possible in
45 seconds. If in this time the child finishes the page, they are instructed to start again
at the top of the page and to continue until the tester says “stop.” In Trial 2, the child
names the colors of appropriately colored fruits (e.g., yellow for banana, red for apple).
Trial 3 provides a measure of speed of color memory. The child names the colors the fruit
“should be” when presented with the same fruits printed in black and white. Trial 4 is the
inhibition task in which the child is presented with incorrectly colored fruits but again is
requested to name the colors the fruit “should be.” The number correct, errors, and self-
corrections are recorded. An interference score, similar to that used for the Color-Word
Stroop, is calculated; negative values indicate interference and so higher scores represent
better performance. This score represents the difference between the number of correct
responses on the inhibition trial and a predicted score based on Trials 1 and 3.
It is calculated as
Trial 4-(Trial1∗Trial3)/ (Trial1 + Trial3) (1)
Age-related task performance has been previously reported in a sample of 7- to
12-year-olds with test-retest reliability ranging from r = .87 to r = .93 for Trials 1–4
(Archibald & Kerns, 1999). The task correlates moderately (r = .57) with the Golden
version of the Color-Word Stroop (Archibald & Kerns, 1999).
Stat ist ical Analyses
The sample was split into four age groups: 5:0 to 5:11 years, 6:0 to 6:11 years, 7:0 to
7:11 years, and 8:0 to 8:11 years. To assess age and gender differences in inhibitory con-
trol, two-way analyses of variance were conducted. In all tasks, inhibitory control was
operationalized first as the number of errors. For the Big-Small and Boy-Girl Stroop tasks,
in which response times were recorded, dependent variables were also calculated both as
simple differences between the inhibition and baseline trials (raw response latencies) and
as proportionally transformed response latencies calculated as (Inhibition RT – Baseline
RT)/Baseline RT. For the fixed-time Fruit Stroop, in which the response time information
is embedded in the number of correct answers, the dependent variables were the interfer-
ence score, as noted in the description of the measure, and a proportionally transformed
score that includes only the color-naming trial to represent the neutral condition. This is
calculated as (Trial 1 correct – Trial 4 correct)/ Trial 1 correct. Relative scores for all tasks
were included in the analyses to account for processing speed (Borella, de Ribaupierre,
Cornoldi, & Chicherio, in press; Christ, White, Mandernach, & Keys, 2001). Planned com-
parisons were conducted between consecutive age groups at 5 to 6 years, 6 to 7 years, and
7 to 8 years. Linear and quadratic trends were examined. To guard against Type 1 errors,
a Bonferroni adjustment was made and the alpha level for contrasts was set at p < .02.
A bivariate correlational analysis was used to investigate the strength of agreement between
similar performance indicators from the inhibition conditions on each task.
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INHIBITORY CONTROL IN CHILDREN 515
RESULTS
Sample Characterist ics
Participant characteristics are presented in Table 1. There were no significant differ-
ences between the age groups in relation to gender, χ 2 (3, n = 80) = 3.05, p = .39, ϕ =
.20, estimated IQ, F(3, 80) = 0.64, p = .59, or social risk, χ 2 (3, n = 80) = 6.08, p = .11,
ϕ = .28.
Errors
There were significant differences in total (corrected and uncorrected) error rates
between baseline and inhibition conditions for the three Stroop tasks with moderate-to-
large effect sizes. Moderate effect sizes are defined as between .06 and .14 and large effect
sizes as greater than .14 (Cohen, 1988). Table 2 shows greater error rates in the inhibition
conditions.
The age groups differed in the number of inhibition errors made on the Big-Small
Stroop, F(3, 72) = 3.69, p = .016 with a moderate effect size (η2 = .13). The effect
was shown to be linear, F(1, 76) = 6.68, p = .012, with planned comparisons revealing
a significant reduction in errors between the ages of 6 and 7 years. An inspection of the
means shows the nonsignificant decrease in errors from ages 5 to 6 years and a negligible
increase from ages 7 to 8 years (see Table 3).
Table 3 shows a decline in the mean number of errors as age increases, up to 7 years,
on the inhibition trials of both the Fruit Stroop (Trial 4) and the Boy-Girl Stroop (Trial
Table 1 Participant Characteristics: Gender, Estimated IQ, and Social Risk by Age.
Number Estimated IQ Social Risk
Age
(years) Male (%) Female (%) Total Mean (SD) Mean (SD)
5 10 (62) 6 (38) 16 114.84 (11.27) 2.50 (2.48)
6 12 (52) 11 (48) 23 112.39 (9.25) 3.13 (2.62)
7 12 (41) 17 (59) 29 112.68 (9.63) 4.14 (2.45)
8 8 (75) 4 (25) 12 109.53 (12.84) 3.17 (2.62)
Total 42 (53) 38 (47) 80 112.53 (10.32) 3.38 (2.56)
Table 2 Mean Error Rates Between Baseline and Inhibition Conditions for the Three Stroop Tasks.
Task
Baseline
M (SD)
Inhibition
M (SD) t (79)
p
(two-tailed)
Mean error
increase
95%
confidence η2
Big-Small 1.39 (1.48) 3.45 (3.15) 6.61 < .05 2.06 1.44–2.68 .36
Fruit
Stroop∗
1.25 (1.43) 1.78 (1.73) 2.25 < .05 .53 0.06–0.99 .06
Fruit
Stroop∗∗
1.29 (1.49) 1.78 (1.73) 2.39 < .05 .49 0.08–0.89 .07
Boy-Gir l 1.00 (1.31) 1.98 (2.02) 4.23 < .05 .98 0.52–1.43 .18
Note. ∗Baseline is Trial 1 and inhibition is Trial 4.
∗∗ Baseline is Trial 3 and inhibition is Trial 4.
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Table 3 Mean Number of Total Errors, Mean Number of Self-Corrections, Mean Response Latencies or
Interference Scores, and Standard Deviations by Age Group for Each Condition of Each Stroop Task.
Errors (E), Self-Corrections (SC)
& Response Latency (RL) or
Interference (I)
5 years
(n = 16)
6 years
(n = 23)
7 years
(n = 29)
8 years
(n = 12)
Total
(n = 80)
Big-Small Stroop
T1 E 2.75 (2.62) 2.04 (2.70) 0.75 (1.18) 1.50 (1.31) 1.64 (2.16)
T1 SC 1.81 (2.11) 1.39 (1.62) 0.59 (0.91) 1.25 (1.22) 1.16 (1.51)
T2 E 2.25 (1.69) 1.61 (1.80) 1.07 (1.03) 0.58 (0.67) 1.39 (1.48)
T2 SC 1.19 (1.34) 1.17 (1.83) 0.69 (0.71) 0.58 (0.67) 0.91 (1.27)
T3 E 4.94 (4.54) 4.39 (3.09) 2.24 (2.26) 2.58 (1.08) 3.45 (3.15)
T3 SC 3.06 (2.99) 2.74 (2.01) 1.45 (1.59) 2.17 (1.53) 2.25 (2.12)
RL (T3 – T2) 30.06 (18.37) 25.74 (14.00) 19.62 (18.64) 16.58 (6.24) 23.01 (13.07)
Boy-Gir l Stroop
T1 E 1.69 (2.24) 0.91 (1.04) 0.76 (0.78) 0.83 (0.94) 1.00 (1.31)
T2 E 2.75 (2.21) 2.22 (2.45) 1.44 (1.50) 1.75 (1.76) 1.97 (2.02)
RL (T2 – T1) 6.45 (4.55) 7.57 (6.06) 5.66 (2.97) 4.82 (3.46) 6.24 (4.46)
Fruit Stroop
T1 E 1.37 (1.45) 1.09 (1.62) 1.24 (1.35) 1.41 (1.31) 1.25 (1.43)
T1 SC 1.06 (1.44) 0.65 (0.98) 1.00 (1.19) 0.92 (1.31) 0.90 (1.20)
T2 E 1.94 (2.11) 1.65 (1.58) 1.10 (1.21) 1.33 (1.37) 1.46 (1.56)
T2 SC 1.25 (1.00) 0.83 (1.15) 0.83 (1.07) 1.00 (1.21) 0.94 (1.10)
T3 E 1.38 (1.41) 1.52 (1.65) 0.97 (1.52) 1.50 (1.24) 1.29 (1.49)
T3 SC 0.63 (1.03) 0.83 (1.03) 0.52 (0.79) 1.00 (1.04) 0.70 (0.95)
T4 E 2.81 (1.97) 1.78 (1.78) 1.34 (1.47) 1.42 (1.44) 1.78 (1.73)
T4 SC 1.50 (1.09) 0.74 (0.75) 0.83 (1.07) 1.17 (1.47) 0.99 (1.09)
I − 0.46 (5.47) 1.23 (5.90) 1.94 (6.50) 2.45 (5.28) 1.33 (5.93)
Note. The mean number of total errors (E) combines uncorrected and self-corrected errors.
2); however, neither main effects of age nor contrasts reached significance for these two
tasks; Fruit Stroop: F(3, 72) = 1.91, p = .136; Boy-Girl Stroop: F(3, 72) = 1.16, p = .332.
No significant gender main effects or age-by-gender interactions were found for error rates
on any of the Stroop tasks. Table 3 shows the mean total errors (including self-corrections),
self-corrections, and standard deviations for each task.
There was a steady increase of self-corrections as a proportion of the total number of
errors in the Big-Small and Fruit Stroop inhibition trials so that by the time children were
8 years of age, they corrected more than 80% of their errors (see Table 4). Self-corrections
were not recorded in the Boy-Girl Stroop task.
Table 4 Percentage of Total Errors Self-Corrected by the Child.
% of corrected errors
Age Fruit Big-Small
5 53 62
6 42 62
7 61 65
8 82 84
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Response Latencies
Table 3 shows means and standard deviations for the raw response latencies for the
Big-Small (difference between Trials 2 and 3) and Boy-Girl Stroop (difference between
Trials 1 and 2) tasks. On the Big-Small Stroop there was a significant age main effect, F(3,
72) = 4.04, p = .010, with a moderate effect size (η2 = .13); however, planned comparisons
did not reach significance at the adjusted alpha level of .02. On the Boy-Girl Stroop, there
were no significant age main effects, but the means indicate an increase in interference from
5- to 6-year-olds then a decrease to age 7 and 8 years. The mean increase in speed between
ages 7 and 8 years on both the Boy-Girl Stroop and the Big-Small Stroop corresponded
with a decrease in accuracy (see Table 3). There were no significant gender main effects or
age-by-gender interaction effects on either of the tasks.
Fruit St roop Interference Score
There were no significant main or interaction effects on the Fruit Stroop interference
score. However, an inspection of the means shown in Table 3 showed a clear trend toward
reduced interference with age.
Proport ionally Transformed Scores
No significant age main effects were found on any of the tasks using the proportion-
ally transformed scores. On the Big-Small task there was a significant gender effect, F(1,
72) = 3.91, p = .05, η2 = .07. After accounting for speed of processing, boys performed
better than girls. On the Fruit Stroop there was an age-by-gender interaction, F(3, 72) =
2.9, p < .5, with a medium effect size (η2 = .10). Table 5 reports the means and standard
deviations of proportionally transformed scores for each Stroop task by age and gender.
Agreement Among Measures
Response times on the Big-Small and Boy-Girl inhibition conditions and the number
of correct responses on the Fruit Stroop inhibition condition all correlated significantly at
the p < .001 level. The Boy-Girl Stroop correlated positively with the Big-Small Stroop
(r = .44). The Fruit Stroop score represents the number correct and so negatively correlated
with response times recorded in the Boy-Girl Stroop (r = − .37) and the Big-Small Stroop
(r = − .64). Correlations with age were also in the expected direction. See Table 6.
Table 5 Means and Standard Deviations of Proportionally Transformed Scores for Each Stroop Task by Age and
Gender.
Big-Small Fruit Stroop Boy-Girl
Age Boy Girl Total Boy Girl Total Boy Girl Total
5 0.58 (0.32) 0.72 (0.36) 0.63 (0.33) 0.55 (0.13) 0.41 (0.22) 0.50 (0.18) 0.20 (0.13) 0.15 (0.13) 0.19 (0.19)
6 0.60 (0.31) 0.71 (0.44) 0.65 (0.37) 0.36 (0.18) 0.55 (0.14) 0.45 (0.19) 0.24 (0.22) 0.23 (0.11) 0.23 (0.17)
7 0.49 (0.26) 0.74 (0.30) 0.63 (0.30) 0.39 (0.18) 0.39 (0.18) 0.39 (0.17) 0.21 (0.09) 0.17 (0.11) 0.19 (0.09)
8 0.49 (0.16) 0.61 (0.26) 0.53 (0.19) 0.43 (0.19) 0.46 (0.15) 0.44 (0.17) 0.16 (0.11) 0.16 (0.14) 0.16 (0.18)
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Table 6 Pearson’s r Correlations Between the Inhibition Scores on Each of
the Tasks and Age.
1 2 3 4
1. Age 1.00
2. Big-Small − .57∗∗∗ 1.00
3. Fruit Stroop .50∗∗∗ − .64∗∗∗ 1.00
4. Boy-Gir l − .38∗∗∗ .44∗∗∗ − .37∗∗∗ 1.00
Note. ∗∗∗Correlation is significant at the .001 level (two-tailed).
DISCUSSION
This study found support for age-related improvement in inhibition up to the age of
7 years. In particular the Big-Small Stroop task detected significantly greater inhibitory
control in older children measured by both error rates and the speed with which the chil-
dren could inhibit a prepotent response and could produce an alternative response. This
age-related trajectory is positioned logically between the maturation of inhibition in the
preschool years and later childhood. All tasks indicated progressive inhibitory control;
however, results from the Fruit Stroop and the Boy-Girl Stroop did not reach statistical
significance. Gender effects were detected only with scoring methods that accounted for
processing speed and the construct validity of the tasks was supported by intercorrelations
between scores on their respective inhibition conditions.
From 5 to 7 years of age, there was a steep decline in error rates on the inhibition
conditions of all the Stroop tasks, followed by a marginal increase at 8 years of age. The
type of errors committed appeared to be of particular importance. Uncorrected errors con-
sistently declined from 5 to 8 years, and the proportion of corrected errors increased. More
than half the errors made by 7-year-olds and the vast majority of those by 8-year-olds were
corrected. This suggests that children aged 5 and 6 years were less inclined than older chil-
dren to notice their errors. By 7 and 8 years of age, they were considerably more conscious
of their mistakes and the associated conflict created by the competing responses. So, not
only did the older children make fewer overall errors but they were much more likely to be
cognizant of their errors.
Few developmental studies with nonclinical samples have examined error rates.
In one Color-Word Stroop study of children aged 6 to 12 years, Armengol (2002) reported
that uncorrected errors reduced with age and 7- and 8-year-olds made the most self-
corrected errors. Her findings not only mirror those reported in this study but they also
illustrate the importance of understanding, both quantitatively and qualitatively, the devel-
opment of inhibition at this age. The change in error awareness signals the transition from
early, preschool inhibitory control to a more sophisticated mastery, potentially providing
evidence about the process of development. It seems likely this awareness of errors is the
impetus for the child to develop to the next level of more automatic and less effortful
inhibition.
Wright et al. (2003) conducted an error analysis on a pictorial Animal Stroop task
and, like this study, found a substantial decline in the number of errors committed between
5- and 6-year-olds and 7- and 8-year-olds with a plateau from ages 9 to 12 years. However,
in that study, as with others, information about incremental performance was lost when age
groups were collapsed to increase power. Espy et al. (2001) contend that unless age groups
in developmental studies are parsed into units, even as small as 3 months, potentially
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important maturational changes in executive functions may go undetected. In particu-
lar, microgenetic assessment would allow documentation of this process, which would
seem to be in line with standard developmental progression shown in the encoding of new
knowledge (see Siegler, 1983, 2006).
A limitation of the Boy-Girl computerized task is that it does not allow for differen-
tiation between the types of errors. It is probable that, even if recorded, self-corrections on
the Boy-Girl Stroop would be less likely because the stimulus changed once an answer was
keyed in. As such, previous stimuli were not visually available for ongoing consideration.
It should be noted that in the Boy-Girl Stroop, as predicted, 6-year-old children commit-
ted fewer errors than 5-year-old children, but the response latencies for this task showed
6-year-olds to be slower than 5-year-olds. Awareness of errors without an opportunity to
correct them might account for this anomaly. There is, however, reason to be cautious on
the point of errors with suggestions that error rates may not be as reliable a measure of inhi-
bition as response latencies and poor reliability has been previously reported for Boy-Girl
Stroop error rates (Kuntsi, Andreou, Ma, Börger, & van der Meere, 2005; Muller et al.,
2012). However, only a few studies with small samples have examined this and further
investigations of the test-retest correlations are warranted.
Mean latency scores decreased with age on the Big-Small task, in which the number
of stimuli is fixed but the response time is not. This decrease is in keeping with other stud-
ies (Armengol, 2002; Nichelli, Scala, Vago, Riva, & Bulgheroni, 2005) showing faster
responses with age and, combined with the decreasing error rates, suggests increasing
automaticity in inhibitory control. As already mentioned, on the Boy-Girl task, the mean
latencies increased from 5 to 6 years then progressively decreased to 8 years. However,
these age differences did not reach significance.
While it makes sense to examine raw response latencies for individual differences,
when the aim is to understand the developmental trajectory of inhibition, the concurrent
maturation of processing speed needs to be partitioned for clear interpretation. As such,
proportionally transformed scores were calculated for each task. This score is not so much
an indication of how performance improves but the degree to which the performance can
be attributed to inhibition rather than processing speed. This scoring method did not detect
main effects for age on any of the tasks suggesting that speed of processing may account
for a large proportion of the age-related improvements attributed to response time. The
surprising gender main effect on the Big-Small Stroop indicates, that after accounting for
speed of processing, boys inhibitory performance is better than girls at all ages and that
the trajectory is parallel. This is an interesting finding given that previous literature on
Stroop tasks has indicated that girls are faster at color naming than boys with little, if any
differences, detected in inhibitory control (Diamond & Taylor, 1996; see MacLeod, 1991;
Prevor & Diamond, 2005). Many of these studies, however, did not control for speed of
processing. In this study, there was no difference in the response speed of boys and girls
on the baseline condition of this task (F = 0.96, p > .05).
Even more surprising was the gender-by-age interaction detected in the Fruit Stroop
proportionally transformed score that indicated an oscillating pattern of development for
girls, with a more expected trajectory for boys who improved from 5 to 6 years followed by
a small regression from 6 to 8 years. An examination of the nonsignificant age trajectory
by gender on the Boy-Girl Stroop indicated a decline in performance from ages 5 to 6 years
and then improvement to 8 years of age. The variation among these findings is reason to
be cautious in interpretation and may reflect gender differences in the varying demands
that the tasks place on other functions such as working memory and sustained attention.
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However, it is clear that studies that do not account for processing speed in response times
may mask important information about the extent of inhibitory control relied upon when
performing these tasks at different ages and between genders (Christ et al., 2001). It could
be expected with a larger sample size that a clearer picture of gender and age effects would
emerge. These analyses also did not account for Intra-Individual Variability (IIV) on task
performance. Borella et al. (in press) found that IIV, both on proportionally transformed
Color-Word Stroop scores and on a simple reaction time task, distinguished children with
ADHD from typically developing children aged 9–12 years. Such fluctuation in both inhi-
bition and processing speed might also partly underlie age-related differences in earlier
childhood, a question that could be considered in future research.
The trend in age-related improvement using the Fruit Stroop interference scoring
method is in line with the findings reported by Archibald and Kerns (1999) using the same
task with 7- to 12-year-olds. However, overall performance of the children in this study was
poorer than the Archibald and Kerns sample with 7- and 8-year-olds recording lower mean
interference scores with larger variability in the age groups. In particular, the comparison
made available here suggests the need for further study with a larger number of 8-year-old
participants.
Intercorrelations among the task response times support their construct validity as
measures of inhibition. In particular, the correlation between the Fruit and Big-Small
Stroop tasks (r = .64) suggests that the additional complexity of the Fruit Stroop with
multiple stimuli makes similar cognitive demands as the established Big-Small Stroop.
While the Fruit Stroop and Boy-Girl Stroop tasks failed to produce significant results,
a similar developmental trend was evident in all tasks. The difference in significance levels
may be a byproduct of the variation in task requirements and scoring. For example, the
Fruit Stroop is a fixed-time task and so response latencies are embedded in the interference
score. This score also partially controls for the development of processing speed, which
may account for some of the age-related improvement in the other two tasks. The key
differences between the Boy-Girl task and the Big-Small task was the number of stimuli
and singular presentation of each stimulus. Passler, Isaac, and Hynd (1985) reported a
ceiling effect from 6 years of age on a similar task, the Day-Night Stroop, for children with
two stimuli and single-image presentation.
The age-related reduction in response latencies would indicate that the problem in
this study was not a ceiling effect but nevertheless the simplicity of the task instructions
are likely to have reduced the difference between response latencies on the baseline and
inhibition tasks as well as the potential number of errors. Less interference on tasks with
single-item presentations (17%) than multiple stimuli (70%) reduces the likelihood of sig-
nificant differences being detected (MacLeod, 2005). In this study, it seems plausible that
given more power, a significant result would have been detected on the Boy-Girl Stroop.
It is also possible that differences between groups were smaller on the Boy-Girl Stroop
because the unidimensionality of the task might have allowed children to develop a strategy
negating the need to inhibit the prepotent response (Diamond & Taylor, 1996; MacLeod,
2005), such as thinking the opposite or establishing a question that answers the opposite
such as “Boys are different from. . . (say girl).” A way around this might be to develop a
switching component to the task, similar to the Color-Word Interference Test of the Delis-
Kaplan Executive Functioning Test (D-KEFS; Delis, Kaplan, & Kramer, 2001), in which
participants name both congruent and incongruent color words in the same trial.
An underlying assumption of the traditional Color-Word Stroop task is that there are
two competing stimuli and that the prepotent or stronger stimulus is the one that should
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be inhibited. In the color-word task, word reading has been unequivocally established as
a stronger tendency over color naming (Stroop, 1935). The pictorial tasks in this study
are not strictly the same in that the competing stimuli each operate on one dimension (Big-
Small, size; Fruit Stroop, color; Boy-Girl, gender). However, in the Big-Small and the Fruit
Stroop task, the additional dimension of object (i.e., animal type or fruit type) also requires
inhibition, and the strength of that stimuli is not known. As Prevor and Diamond (2005)
ascertained, object naming is prepotent over color naming in children up to 6 1/2 years.
It is logical then that animal naming and fruit naming would be predominant over size and
color naming. Therefore, these tasks expect inhibition at two levels, firstly the object then
the incorrect size and color. These additional demands may elicit greater interference than
the Boy-Girl Stroop. They may also make demands on other executive functions if chil-
dren feel the need to develop strategies to deal with the added complexities. Salo, Henik,
and Robertson (2001) also found different presentations of Color-Word Stroop tasks pro-
duced different levels of interference that they suggested contributed to inconsistencies in
research findings.
There were some stimuli children found to be ambiguous in the Big-Small and Fruit
Stroop tasks. For example, many children were unsure whether the cat should be a big
or small animal. The correct answer for pears and grapes was “green” and yet a number
of children correctly thought they could also be yellow and purple, respectively. When
this ambiguity arose children had to rely on remembering the correct responses in the
baseline conditions. Not surprisingly, Archibald and Kerns (1999) found the Fruit Stroop
correlated significantly with a working memory (WM) task. While some theorists posit that
inhibition and working memory draw from the same pool of cognitive resources (Roberts
& Pennington, 1996), a more likely explanation for this correlation is that it is task related.
Nevertheless, individual differences in working memory (i.e., high or low WM span) have
been found to predict Stroop task performance (Kane & Engle, 2003), so if the goal is to
isolate the role of inhibition, where possible, it is important to reduce working memory
demands in tasks.
Some task-related issues that may limit the findings of this study have been outlined
above. One particular limitation of the computerized Boy-Girl Stroop, not already noted,
was the order of the practice tasks, whereby the baseline and inhibition practices were
conducted consecutively prior to the experimental tasks. As such, the baseline condition
immediately followed an inhibition practice, which potentially confused the children, even
requiring them to inhibit the previous practice to perform the task requiring no inhibition.
Reconfiguration of the practice setup may provide a truer indication of interference effects.
A limitation with the paper-based tasks is that previously attended to stimuli remain in the
line of vision of the child and have the potential to be distracting when the focus should be
on the next stimulus. All tasks may also be subject to scoring errors.
It should also be noted that despite the range of scoring methods applied in this
analysis, there are multiple alternative methods, each with benefits and limitations. Future
studies may investigate the utility of alternative methods (see Lansbergen et al., 2007; Van
Mourik, Oosterlaan, & Sergeant, 2005).
It would also be useful to broaden the predictive value of this study with a larger
and more representative sample. Undetected group differences in cross-sectional research
can also adversely affect results. For example, studies have shown the development of
executive functions can be related to social and family characteristics (De Luca & Leventer,
2008). Future research with longitudinal designs would allow analysis of developmental
trajectories without potential cohort effects.
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Another problem with the cross-sectional design is the requirement to create small
groups for age-by-gender analyses. Our study clearly lacked power as large group
differences of between 0.8 to 1 standard deviation were required to reach significance.
Conclusion
There is a linear development in inhibition in children in their first three years of
formal schooling as evidenced by error rates and response times in pictorial Stroop tasks.
Scores based on response times also show that children improve to 7 years of age but, when
processing speed is taken into account, the trajectories shown in each of the tasks vary and
gender differences emerge. As such, there should be further consideration of the optimum
scoring method for children in this age bracket. In this study, the Big-Small Stroop proved
to be the most sensitive measure in both identifying the age-related improvement in error-
rates and response latencies and it could be expected that the Fruit Stroop interference
score would have reached significance in a larger sample. Trends on the Boy-Girl Stroop
were mostly in line with the other tasks but its simplicity for school-aged children appears
to have contributed to reduced group differences. Of particular importance for establishing
expectations for children’s behavior and learning is that awareness of the failure to inhibit
a prepotent response increases markedly from 5 to 8 years as shown by self-corrected
errors. This consciousness of errors provides the impetus for greater automaticity of inhi-
bition, and so detailed normative data on this process may be useful for assessing school
readiness and appropriate curriculum selection. Identification of such processes also offers
potential avenues for early intervention in the clinical and educational environments to
assist children with problems of inhibitory control.
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